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PATTERNS OF HAIR GROWTH CYCLES IN THE COLORED
RABBIT AND THEIR MODIFICATION BY
EXPERIMENTAL MEANS *
HUGO R. RONY, M.D., DAVID M. COHEN, M.D. AND IRVING SCHAFFNER, ES.
I. THE PATTERNS OF SPONTANEOUS HAIR GROWTH
It is known that hair grows in cycles in all species of animals, i.e., a period of
actual growth is followed by cessation of growth with the hair being retained.
Then, a new follicle is formed producing a new growing hair while the old,
stagnant hair is lost. In man and most other species, growing hairs and stagnant
hairs are thoroughly interspersed so that any sizable portion of the skin contains
growing as well as stagnant hairs. In some species, notably the mouse, rat and
rabbit, a spatial separation of growing and stagnant hairs occurs with the result
that more or less extensive portions of the skin contain, for some time, only
growing or only stagnant hairs. This makes the sequence of cycles more readily
recognizable, and has led to a fairly detailed knowledge of these phenomena in
the mouse (1) and rat (2). In both of these species, relatively simple patterns
of hair growth are observed: the cyclic growth occurs in orderly waves of definite
pattern; the wave begins in the center, spreads dorsally, then anteriorly and
posteriorly. The growing stage lasts about 17 days and is followed by a resting
period of about the same length; accordingly, hair cycles follow approximately
every 34 days.
Cyclic hair growth in the colored rabbit was first described by Koenigstein
(3). He noted that pigmented areas of the skin actively producing hair can
be readily distinguished from the white areas of inactivity. He commented on
the variability in size and form of the active areas in different rabbits and on
the independence of patterns from the seasons of the year. No further research
on this subject is available although in experimental studies of hair growth,
much of which is done on rabbits, a detailed knowledge of these phenomena is
necessary and useful.
If the hair of a colored rabbit is shaved or clipped over any extensive area,
we find that the skin may be either entirely colorless (non-pigmented) or the
whole area may be pigmented; or there may be some areas of pigmentation and
non-pigmentation. Daily observation of the clipped animal reveals that hair
grows only in the pigmented areas, whereas no hair grows on the non-pigmented
skin. After some time, the pigmented areas lose their pigment and simultaneously,
hair growth ceases; while some of the areas that lacked pigment become pig-
mented and grow new hair. Thus, the color of the skin is due to the pigment
contained in the growing hair. Since at the end of the growth period the intra-
* From the Department of Medicine and the Department of Dermatology and Syphilol-
ogy, The Chicago Medical School, Chicago 12, Illinois.
Presented at the Fourteenth Annual Meeting of The Society for Investigative Derma-
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dermal portion of the hair shaft grows unpigmented, the skin, whose epidermal
cells contain no pigment at any time, appears colorless and remains so during
the whole period of stagnation.
In order to observe these changes in more detail we follo\ved 81 colored rabbits
and 5 white rabbits for varying periods of time; 5 were observed for one year or
Fin. 1. Rabbit ,2—observed for 440 days. (1) June 29, 1952. Inactive, pigment-free, ir-
regular areas on middle portions of the back surrounded by active pigmented areas. (2)
55 days later, pattern largely reversed. (3) 52 days later, all of back inactive—a diffuse
inactive phase. (4) 18 days later, diffuse inactive phase continues. (5) 35 days later, same,
with a few small active areas. (6) 63 days later, new patterned active phase. (7) 21 days later,
same pattern still present. (8) 32 days later, a new diffuse inactive pbase. (9) 14 days later,
a new patterned, acive phase is beginning to show in the form of a few small active islands
dispersed in the diffuse-inactive area. (10) 48 days days later, a fully developed active
pattern. (11) 42 days later, the active pattern disappeared, and now a new diffuse inactive
phase exists. (12) 52 days later, a new active pattern.
more. The animals were kept singly in cages on a diet of standard pellets and
water, and remained in good health. The whole back of the animal from the
neck down, including both sides, was clipped with an electric clipper at weekly
to monthly intervals \vhen color sketches or photographs \vere made. In some
animals, the abdomen or parts of the neck or of the head were clipped and
observed. Skin biopsies were made in a nnmber of animals, and in some, a
series of biopsies were obtained at intervals in order to show the histologic
changes that accompany the cycles.
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Figures 1 and 2 show the spontaneous cyclic changes and patterns in 2 colored
rabbits observed for about one year. In order to save space, not all photographs
are shown but those shown include the main patterns in each case. The following
conclusions can be made:
1. Duration of the cycle: The period of active hair growth is quite constant,
lasting not less than 4 weeks and rarely over 5 weeks. The inactive period varies
FIG. 2. Rabbit *3, observed for 257 days. (1) July 19, 1951. Beginning of an active pattern
emerging in a diffuse inactive area. (2) 12 days later, active pattern fully developed. (3)
23 days later, reversal of pattern—now the middle portion represents a patterned inactive
phase, while the surrounding areas have become active. (4) 28 days later, a new reversal of
the entire pattern. (5) 14 days later, same pattern continues. (6) 15 days later, again a
(partial) reversal of patterns. (7) 35 days later, a diffuse inactive phase developed with but
a few active islands. (8) 55 days later, beginning new activity in scattered areas. (9) 21 days
later, fully developed activity wide-spread over the skin—a diffuse active phase. (10) 21
days later, all activity gone—a new diffuse inactive phase. (11) 33 days later, diffuse inactive
phase continues over most of the skin.
much more widely. Two types of phases of inactivity can be distinguished: a)
one that is localized to a limited area while at the same time, other surrounding
portions of the skin are in the active stage; this limited inactive area is in size
and shape an exact reprint of the active area that preceded it, and the duration
of this inactive cycle is 4 to 5 weeks. We refer to this as a patterned inactive
phase. b) sooner or later pigmentation disappears all over the back; this phase
lasts 2 to 3 months and may last as long as 5 months. However, even in this
I 
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FIG. 3. Histology of the skin of a colored rabbit as the hair growth cycle spontaneously
changes from active to inactive phase and again to active phase. (1) March 3, 1952. Skin
deeply pigmented—active phase. Note large number of hair follicles containing pigmented
hairs deep in the corium, and their outlets near the surface. (2) 14 days later, pigmentation
of the skin fading. Many hair follicles still deep in the corium now contain unpigmented
hairs. (3) 28 days later, skin unpigmented—inactive phase. Follicles containing unpig-
mented hairs, greatly shortened, are now seen in the upper layers of the corium only. Epi-
dermis thinned. (4) 25 days later, skin still free from pigment—a continuation of the in-
active phase. Histologic picture similar to that seen in (3). (5) 65 days later, skin still free
from pigment. A number of newly formed hair germs are seen in the mid-corium. Note
epidermal hyperplasia. This represents the beginning of an active phase. (6) 2 days later,
the skin now shows faint pigmentation. A number of new follicles containing pigmented
hair are seen deep in the corium. Some epidermal hyperplasia persists. (7) 2 days later,
skin now is highly pigmented—fully developed active phase. New hairs are growing up to
the surface. Epidermal hyperplasia diminishing.
HAIR GROWTH CYCLES IN THE RABBIT 317
state some active areas can be found over the neck, head, or abdomen. Accord-
ingly, some active hair growth is present in the rabbit at all times. We refer to
this phase as a diffuse inactive phase.
2. Designs of the areas of activity: The characteristic feature is their utter
irregularity. Not only are the designs different in every rabbit, but they are
different in the same rabbit from time to time. Occasionally, one sees a strikingly
similar pattern in very young "identical" litter mates, but on closer inspection,
the designs show differences, and as the animals get older, they become more
and more different. Occasionally, especially in multicolored rabbits, remarkable,
artistic designs arise.
3. There is no definite connection between hair growth and the seasons of
the year: At any season we found some rabbits with patterned active phase
areas of hair growth over the back, and other rabbits in the diffuse inactive
phase. However, it appears that in the winter months there is a greater number
of animals in the diffuse inactive phase, while in the spring the majority of
animals exhibit active phases.
4. Development of the patterns: One observes, at the end of the diffuse inactive
phase, over the clipped pigmentless skin, the appearance of scattered, faintly
pigmented spots or lines; within a day or two, these spots enlarge, coalesce,
and pigmentation becomes heavier, making the final design discernible. Thus,
the pattern of activity emerges quite explosively, even if not entirely simultane-
ously. The onset of inactivity, on the other hand, is more gradual; one observes
a gradual fading of pigmentation of the skin, while hair continues to grow pig-
mentless for as long as a week, until the skin becomes entirely depigmented and
hair growth stops completely.
The histologic pictures underlying these changes from spontaneous activity
through inactivity and back to activity are illustrated in Figure 3. Successive
biopsies were made from the same general area in the same rabbit by the punch
method on the dates indicated. All specimens were embedded in paraffin and
stained with H-E.
These macroscopic and microscopic observations on the normal, spontaneous
cyclic changes will be discussed further later in this paper when compared with
the artificially induced cycles.
II. ARTIFICIALLY INDUCED HAIR GROWTH
In view of the irregularities in its hair growth cycles, the rabbit offers no
advantages as compared with the rat or mouse for the study of hair growth
stimulation via the general blood circulation, but it is a particularly suitable
test object for the study of the effects of topically applied stimuli because the
long-lasting diffuse inactive phase allows ample time and opportunity for experi-
mentation and observation.
There are scattered, brief descriptions in the literature of the initiation of
hair growth in the rabbit by irradiation with ultraviolet rays (4), by chemical
"irritants", and mechanical injury (5), mechanical epilation (2) and by local
inflammation of a special type (6). We have made a rather comprehensive study
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of these effects, except the last one, with special attention to comparing these
phenomena with each other and with the spontaneous hair cycle.
PROCEDURE
In these experiments, colored rabbits were used in tbe diffuse inactive phase, i.e., whose
back, after clipping the hair with an electric clipper, was found free of pigmentation. In
some, observed earlier, the onset of this phase was known to us, and we could be reasonably
sure that no spontaneous hair growth would interfere with the experiments for 2 to 3 months
or more. In these animals, as well as in those which just came under observation (the time
of onset of the inactive phase being unknown), the experimental procedure was carried out
in areas on one side of the animal only, e.g. on the left side only. In this way we were able
to avoid the possible error of taking a spontaneously appearing cycle for an experimental
one, since spontaoeous cycles appear symmetrically aod at about the same time on both
sides.
In using chemical "irritants", the substance was applied percutaneously over 2 or more
spots, about 1 square inch in diameter, by gentle rubbing for about 30 seconds. Mechanical
injury was produced by scarification of small areas of the skin with a sharp knife, parallel
incisions of about 1 cm in length about 3 mm apart being made clear through the epidermis
into the corium; no dressings or other treatment was applied. In irradiation with ultra
violet rays, circular areas of about 1 inch diameter were exposed to the rays with the rest
of the skin covered. In order to produce hair growth by ultra violet irradiation it is necessary
to employ a high dosage of rays; with our lamp, this was achieved in using a tube-skin dis-
tance of 7 inches, for 10 minutes. For mechanical epilation, spots of about 1 square inch in
size were left with the hair on, while the rest of the hair over the back and sides was clipped
as usual; a commercial epilating wax was then applied to the tufts of hair and the hair re-
moved. In other animals, more generalized cpilation was effected by one intravenous in-
jection of thallium acetate, 10 mg/kg body weight.
For study of the histological process, serial biopsies or autopsies were made in the follow-
ing manner: The stimulus was applied (chemical or UVR, etc.) to one small area, which was
marked by colored pencil; daily, for 10 to 14 days, the procedure was applied to a new area,
each spot receiving the same treatment, once. A sketch was made showing the dates of
application and the position of the respective areas. On the last day the animal was sacri-
ficed and sections were made from each treated area as well as from an untreated (control)
area. This enabled us to study the cellular changes produced by a particular stimulus day
by day.
Of chemical "irritants" a few drops of Oleum Capsicum or Oleic Acid,
undiluted, applied once as described above, consistently initiated a new hair
growth cycle in the rabbit. Twenty four hours after application, marked ery-
thema of the epidermis was apparent; for several days thereafter there was
crusting and puckering of the skin with more or less scaling; 8 to 10 days later,
much of the (stagnant) hair was lost which is more noticeable if the irritant is
applied to unelipped (hairy) areas. At about the same time, a faint pigmentation
of the area could be recognized; this became stronger every day, and a few days
later—14 to 15 days after application—new pigmented hair was seen emerging
from the area. No pigmentation was seen over the treated area in the albino
rabbit, but new (unpigmented) hair emerged over the area in about the same
time, i.e., about 2 weeks after application.
The active cycle thus initiated lasts 4 to 5 weeks and the rate of growth of the
hair is about the same as in the spontaneous cycle. Following it, there is a gradual
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fading of the pigmentation of the skin with the result that after a week to 10
days, the pigmentation completely disappears. This inactive phase, during which
the hair is retained, merges with the surrounding skin's natural diffuse-inactive
phase and becomes part of it. In other words, the effect of the "irritant" is
limited to the initiation of a new active cycle; following this its effect wanes
and the area resumes its susceptibility to the natural "stimulus" as if nothing
had happened. This character of the response is manifested also by the fact
that after the artificially induced active phase had passed, a new active phase
can be initiated at any time by the same or another type of effective stimulus
(e.g. mechanical epilation); there is no refractive period following the artificial
cycle.
It appears that marked crusting and scaling of the skin always is associated
with effective chemical "irritation". When a dosage or way of application of the
irritant is insufficient to produce these changes, then the effect on the hair
growth, too, is usually lacking. If less violent irritants are used—such as 50 %
benzyl benzoate or 10 % benzylalcohol in aquaphor, which initiate hair growth
in some animals but fail in others—one can usually predict the end result from
the degree of crusting visible a few days after application. Xylene, or a 10%
alcoholic solution of benzoic acid—which Butcher (7) found powerful topical
hair growth stimulants in the underfed rat, and benzene or ether which according
to Rauch (8) are very effective in the mouse—cause no crusting and no hair
growth in the rabbit. Hyperemia or erythema unassociated with crusting and
scaling, as produced by other mild "irritants" do not initiate a hair growth cycle
in the rabbit.
In percutaneous application of chemicals to be tested for hair growth stimu-
latory effects, harsh, prolonged rubbing of the skin should be avoided as it may
result in injury to the skin leading to hair growth of the "mechanical injury"
type which theii could be mistaken for the effect of the chemical. Furthermore,
transdermal applications of (bland) ointments on the skin daily, for weeks,
even if rubbed in gently, can produce pigmentation and hair growth of another
origin due to acceleration of a natural hair growth cycle, i.e., one which would
have appeared in that region spontaneously somewhat later. The character of
this effect is revealed by two features: a) the pigmentation is not restricted to
the area of treatment, but appears in spots around and even distant from the
areas as well: b) pigmented areas similar in size and form appear later, in a few
days to 2 weeks, on the other side of the animal.
Hair growth initiated by injury, ultraviolet ray or epilation behaves—insofar
as duration of the active period, gradual transition into the inactive phase,
lack of refractory period to a repeated stimulus, and merging into the diffuse-
inactive phase of the rest of the skin are concerned—the same way as the cycles
produced by chemical "irritants". There is a slight difference concerning the
duration of the period of latency, between application of the stimulus and
appearance of pigmentation, in that the latency is longer in response to chemical
"irritation" and ultraviolet rays (8 to 12 days), shorter in response to injury
and epilation (6 to 8 days). There is more difference in the degree of the associated
p— ,i -7t
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thickening and crusting: much less of this is noticeable following effective ultra-
violet irradiation, and practically none after mechanical epilation.
Injury, ultraviolet irradiation and epilation produce new hair growth in
albino rabbits in the same way (without pigmentation of the skin and hair)
and after a similar period of latency as does chemical irritation.
Depilation by intravenous injection of Thallium Acetate is associated with
new hair growth in the rabbit as is mechanical epilation. The first 2 or 3 days
following injection, the animal seems to be well, and hair continues to grow over
FIG. 4. Artificially induced hair growth in the colored rabbit. All animals were in a diffuse
inactive phase during the entire period of the experiment. Photographs were taken three
weeks after the application of the stimulus. (1) Oleic acid, (2) Injury by scalpel, (3) Mechan-
ical epilation—area A clipped to show underlying pigmentation, area B not clipped, (4)
irradiation with ultra-violet light.
areas that are in the active phase. Four or five days after injection, the animal
appears to be sick, refuses to eat, and hair growth stops. By the end of the week
following injection, hair begins to fall out over extensive (active as well as in-
active) areas, and in 2 to 3 days, these areas become entirely depilated; however,
about 3' to 34 of the total skin surface—active as well as inaetive—retains all
its hair. About two weeks after injection, the animal appears to be in better
condition, and new pigmentation is seen all over the areas that had lost their
hair. In a few days new hairs grow on these areas. On the other hand, no new
pigmentation and hair growth develops over those areas of the skin that had
not become depilated.
Figure 4 shows examples of hair growth produced artificially as indicated
and is self-explanatory.
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Serial biopsies—obtained as described above—were prepared after applica-
tion of Oleum Capsicum, Oleic Acid, Ultraviolet Rays, Mechanical Injury and
Mechanical Epilation. Of these 5, two series are shown (Figs. 5 and 6).
a) Activity at the base of the resting follicle starts soon after application of
the stimulus: in 48 hours, clear evidence of new hair germ formation can be
recognized (2 in Figs. 5 & 6). New hair germs appear and become detached
from the resting follicles day after day for 5 to 8 days with increasing downward
penetration into the deeper strata of the corium, constituting the first or de-
scending stage of activity ( 3 in Figs. 5 & 6). [No evidence was found in any
of a great number of serial slides examined of new follicle formation by direct
downgrowth from the stratum germinativum.I This is accompanied by epidermal
hyperplasia which seemingly reached its height prior to the full development of
hair follicle.
b) Five to eight days after application of the stimulus, great numbers of new
follicles are found containing pigmented hairs deep in the corium with evidence
of upward growth, penetrating resting follicles or burrowing for themselves new
paths up to the epidermis. It is at this second or ascending stage of follicle growth
when pigmentation becomes visible over the surface.
A comparison of the histological features of hair growth produced by these
two stimuli shows that they are essentially the same; this is also true for the
three other stimuli studied by us but not shown here. They cannot be distin-
guished from each other, by the methods employed by us, or from the natural
active cycle described earlier in this paper.
Besides "irritants" we have investigated other chemical substances, topically
applied to diffuse-inactive skin of the rabbit for possible stimulatory (or
inhibitory) effects upon hair growth. These substances included male and female
sex hormones and adreno-cortical steroids; the results will be reported in a sepa-
rate paper. In addition, for reasons that are fairly obvious, we have applied
glutathione, cysteine, cystine, and histamine diphosphate. Application was per-
cutaneous as well as intradermal. For percutaneous application a concentrated
solution of the substance in water was emulsified in aquaphor and gently rubbed
into marked areas of the skin about 1 inch in diameter, twice daily for 10 to 30
days. For intradermal injections, sterile saline solutions of the substance were
used, 0.05 to 0.10 cc being injected daily for 3 to 8 days. Histamine diphosphate
was introduced into the skin also by electrophoresis, a 0.5 % solution in distilled
water being used from the positive electrode for 15 minutes at 5 milliamperes.
In other experiments, thromboplastin and alkaline phosphatase solutions were
injected intradermally.
Some of these percutaneous or intradermal applications caused a more or less
marked erythema over the area of application. No other visible changes were
observed and no new hair growth was initiated in any case.
In investigating the possible role of histamine in the production of the artificial
hair growth cycle, we have tried to inhibit such cycles by anti-histamines. This
was done in the following way: in colored rabbits with the skin in the diffuse-
inactive phase, a stimulus for artificial activity was provided in the form of
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mechanical epilation or UVR radiation over small areas; this would normally
produce local pigmentation in 8 to 10 days, and hair growth a week later. How-
ever, in these experiments, before and after epilation or UVR, an anti-histamine
was applied either topically over the areas, or parenterally. Absence or delay
of pigmentation would indicate inhibition by the anti-histamine. The following
experiments were made:
1) Benadryl Cream (P.D.) was applied over small areas percutaneously daily
for 4 days before and for 10 days after epilation.
2) 0.2 cc of 2.5 % pyribenzamine solution were injected intramuscularly. One
hour later, small areas were mechanically epilated; this was immediately followed
by electrophoretic introduction into the skin of the epilated areas of a 2.5 %
solution of pyribenzamine in distilled water at 5 milliamperes for 15 minutes.
Electrophoresis was repeated daily for 3 days.
3) 2.5 % pyribenzamine solution in distilled water was introduced by electro-
phoresis into the skin of small areas (5 ma., 15 mm.), twice within 48 hours, be-
fore UVR, and again twice during 48 hours following irradiation.
4) One-half cc of 2.5 % pyribenzamine solution in saline was slowly injected
intravenously, immediately followed by mechanical epilation of small areas;
i.v. injection was repeated one hour later.
Each of these procedures was carried out in two rabbits. The result was the
same in all: pigmentation and later hair growth appeared after the usual period
of latency, i.e. 8 to 10 days following epilation, or 12 to 14 days following UVR.
This indicates that antihistamines as employed in these experiments do not in-
hibit the artificially produced hair growth in the rabbit.
DISCUSSION
1. The great variability in the pattern of hair growth activity in different
rabbits as well as in the same rabbit at different times, strongly suggests the
idea that the natural stimulus to hair growth resides, in this species at least,
within the skin and probably within the hair follicle itself. Certainly it would be
difficult to understand the variability of pattern on the basis of the stimulus being
carried to the follicle by the blood stream or via the nervous system. One is
almost inevitably led to assume that whether or not circulating or nervous im-
pulses are contributory elements, the final factor that initiates natural hair
growth or makes the follicle receptive to an outside stimulus arises in the skin.
This is the same conclusion at which Hardy (9) arrived on the basis of observa-
tions on tissue cultures of the skin of the mouse embryo. She found that follicles
which appeared in the skin in explants were arranged in the normal pattern,
and those of one generation developed synchronously.
The stimulus rising in a patterned active area more or less simultaneously in
all hair follicles need not be one directly stimulating the formation of new hair
germs; it could consist in the removal of an agent that inhibits new hair growth
and had been present during the inactive phase. However, the fact that new
cycles can be artificially produced by various "irritants" or "stimulants" would
make the existence of a natural direct stimulus more likely.
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2. It is probably safe to assume that the various artificial ways to initiate
hair growth in the rabbit—chemical irritants, mechanical injury, epilation, ultra
violet rays—lead to the appearance of one and the same stimulus, although not
necessarily by way of the same mechanism. In trying to analyze the mechanisms
involved, one is confronted immediately by the terms "irritation", "injury";
these terms might apply for mechanical epilation—which is a form of injury—
and UV irradiation— which may be a form of irritation—as well. What is the
biological and biochemical meaning of these terms? Both terms are commonly
understood to involve "increased circulation and altered permeability" leading
to "processes of repair" (or, if severe, to "degeneration and necrosis"). Now, in
all types of artificial hair growth, a greatly increased blood circulation, mani-
fested by erythema is always present; and hyperkeratosis with hyperplasia of
the epidermal cellular layers which may well represent processes of repair is
also always present to some degree. Biochemically, two substances are believed
to be present in relatively large amounts at the site of skin injury in most species
of animals: one is histamine, the other is thromboplastin. It is known that the
histamine content of rabbit blood is higher than that of any other known species,
that massive liberation of H. occurs in rabbit blood during coagulation and even
in mechanical shaking, and that Histamine a histamine-like substance) is
liberated by the injured cells of the epidermis lying beneath the horny layer
and superficial to the papillae. It is known also that thromboplastin is produced
in bleeding or vessel damage due to injury, leading to blood coagulation with
consecutive massive liberation of histamine.
Could it be that the liberation of histamine or thromboplastin or both in the
"injured" or "irritated" skin provides the stimulus, or the trigger mechanism
to the stimulus, for the artificial hair growth activity? In that case, it should be
possible to initiate artificial hair growth activity in the inactive rabbit skin by
introducing histamine into the dermis. Actually, Butcher (7) lists histamine-
diphosphate among the "irritants" he found capable of producing hair growth
in the underfed rat. (In the normally fed rat, the inactive period of the hair
growth cycle lasts only 12 to 14 days; since Butcher applied his "irritants" daily
for a week, the remaining time would have not been long enough for the new
hair to become visible, and later spontaneous activity would interfere with the
experiment. In the underfed rat, on the other hand, the skin remains inactive
much longer, allowing ample time in which to produce an artificial cycle). Ac-
cording to Butcher, subcutaneous injections of 0.5 % histamine diphosphate daily
into the same area for six days, resulted in a localized doughy edema which was
followed in 9—10 days by hair growth. We found that histamine introduced this
way does not lead to a sustained local edema in the (normally fed) rabbit; neither
is it followed by hair growth. We introduced histamine into the skin of rabbits
in various ways as described, with consistently negative results insofar as hair
growth is concerned. Even more significantly, we were unable to inhibit arti-
ficially induced hair growth in the rabbit by antihistamines introduced into the
skin or into the general circulation in various ways known to be effective in pre-
venting or abolishing histamine effects. Accordingly, we concluded that H.—
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be it or be it not an important or essential element in the production of artificial
hair growth in the rabbit—is not in itself sufficient to start or maintain that
process.
3. It is pertinent to keep in mind that every hair follicle has but one hair
growth cycle, with an active and inactive phase, and that the next cycle takes
place in newly formed follicles. Once the new follicle is formed, it grows hair
automatically. What we see in the histological sections early in response to the
artificial stimuli is an initiation of growth processes: there is proliferation of cells
of the external sheath at the base of the resting follicle leading to the formation
of the new hair germ; accompanying this is more or less hyperplasia of the epi-
dermis with hyperkeratiniation. It might be profitable, then, to consider the
processes involved in terms of "growth stimulation" rather than "irritation" or
"injury". Irritation, as manifested by erythema, local edema, inflammation or
infiltration, does not, in itself, initiate hair growth in the rabbit as we have seen
in trials with various substances introduced into the skin percutaneously or
intradermally. Some substances, in addition to causing such "irritation" also
have growth promoting capacities, and it is these substances that are effective
stimulants initiating orderly growth of hair. From these there is a more or less
abrupt transition to the carcinogens—substances that stimulate abnormal, un-
controlled growth. Wolbach (10) described in detail the effects of some carcino-
gens on the mouse skin, paying special attention to the effects on the hair follicles.
He found that following local application of benzpyrene or methyicholanthrene,
the rate of proliferation and growth of the epithelial cells concerned in the follicle
formation far exceeds the rate of these processes in the epidermis—an effect
which we have observed in response to artificial and natural stimuli of the
ordered hair growth cycle.
The question, is it "irritation" or "growth stimulation" takes on more than
academic interest when we turn to an analysis of the "natural stimulus" as com-
pared with the "artifical stimulus or stimuli". Certainly, there are no signs of
"irritation" at the onset of a spontaneous active phase of the hair growth cycle:
there is no erythema, edema, swelling, inflammatory changes.
Therefore, the natural stimulus—whatever it is—may be reasonably regarded
as primarily a growth stimulus. At the same time, when comparing the various
macroscopic and histologic features of the artificial cycles with those of the
spontaneous cycles one cannot but be impressed by the similarities. As an ex-
ample of remarkable similarity we call attention to the epidermal hyperplasia
which occurs in both active and artificial cycles in maximum intensity at the
time of the actual growth of the follicle and declines before the follicles have at-
tained full development. It appears to us that in both kind of cycles epidermal
hyperplasia and new follicle growth are co-ordinated responses to the stimulus
as a) an effect on the external sheath cells stimulating formation of new hair
germs b) an effect on the biologically related epidermal cells resulting in hyper-
plasia and—if extreme—in acanthosis and depilation.
Of course, the view that the ultimate stimuli of the spontaneous and artificial
activity could be basically different cannot be entirely ruled out. But the as-
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sumption that the mechanisms are identical or closely related may be considered
as a useful working hypothesis in the search for the nature of the basic stimulus.
The fact is that the artificially induced cycle lends itself for chemical and histo-
chemical investigations of its early (most important) phases much more readily
than does the natural cycle.
SUMMARY AND CONCLUSIONS
1. A study of the natural hair growth cycles in the colored rabbit was made
by observing the periods and patterns of active hair growth alternating with
resting periods. The underlying cellular processes were studied in serial biopsies.
2. An outstanding character of these phenomena in the rabbit is the great
variability of pattern in different animals as well as in the same animal. However,
in each animal 2 or 3 times a year a period of follicle rest sets in which lasts for
several months in extensive portions of the skin. This phase which we designate
as the diffuse inactive phase—in contrast to the patterned inactive phases of
short duration—lends itself conveniently to studies of hair growth stimulation
and inhibition.
3. Hair growth was initiated artificially by chemical irritants, mechanical
epilation, injury and ultra violet irradiation. The macroscopical and histological
features of these cycles are described in some detail and are compared with each
other and with those of the spontaneous cycles. It was found that the behaviour
of all active cycles, artificial as well as natural, is quite similar in practically
every respect, indicating that the processes in the dermis connected with hair
growth automatically follow the same pathways, regardless of the origin of the
stimulus, once formation of the new hair germ had started. As a working hy-
pothesis it is suggested that the basic—as yet unknown—stimuli of ne\v hair
growth are probably closely related, if not identical, in the various types of arti-
ficial stimulation, and possibly in the natural hair growth cycles as well.
Acknowledgment. We are indebted to Dr. Hans Elias, Associate Professor of Anatomy,
Chicago Medical School, for his aid in the interpretation of the biopsy sections.
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DISCUSSION
Dn. SAMUEL M. PECK, New York, N. Y.: In 1929 I published the results of
experiments very similar to these presented by the authors. (Zur Pigmentgenese
in der Haut und den Haaren von Kaninchen, Archiv. fur Dermatologie und
Syphilis, 157: 234, 1929). I was interested at that time in studying the variability
of the coat color of gray rabbits.
We used the Dopa reaction to explain the different cycles of pigment forma-
tion. Briefly, we found that there was a regular cyclic activity in the pigment
forming cells of the hair. This expressed itself in the band-like formation found
in the hair. We were able to show that the epidermis of these gray rabbits had
a latent pigment activity which could be stimulated by trauma and by various
radiant light sources. This was also true for the pigment formation in the hair
itself. One has to be fortunate in picking the right species of animals because if
one were to carry out the same experimental procedure on guinea pigs there
would be no effect on pigment in the hair by trauma or any other method that
I know of. The pigment potential in black and white haired guinea pigs is main-
tained even after a full thickness graft. (Pigment Studies in Skin Grafts on Ex-
perimental Animals. J. of Investigative Dermatology, 4: 483, 1941).
DR. PETER FLESCH, Philadelphia, Pa.: This is a very complete and detailed
study. I am not sure whether or not I misunderstood Dr. Cohen when he said
that no experimental work has been done previously on the hair cycle of the
rabbit. There are numerous papers on the subject, the most detailed one by
Schwanitz (Ztschr. Morph. u. Oekol. Tiere, 33: 496, 1938). In addition, dozens
of papers deal with the artificial induction of the hair cycle in this species.
The described patterns of hair growth occur only after the first six months of
life. During the first six months the hair cycles are more frequent.
Melanoblasts on the trunk of the rabbit occur exclusively in hair follicles
(Billigham and Medawar, Phil. Trans. Roy. Soc. London, B, 237: 151, 1953).
Whatever pigmentation one sees there is due to the pigmentation of the newly
grown hair. Therefore the statement that oleic acid causes inflammation, because
after its application pigmentation occurs, is open to doubt. The described chain
of events simply means that after the hair was lost and a new cycle initiated,
the newly formed hair imparted a dark color to the skin.
It is important to point out that the findings concerning artificial induction
of the hair cycle do not apply to human beings. There is no evidence that in
man the resting hair follicles may be stimulated to activity by any irritating
measure. There are many current beliefs on hair growth, based on unwarranted
generalizations derived from studies on animals. For example, there are many
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papers on the alleged beneficial effect of cholesterol on hair growth. This belief
is based solely on the observation that when a rabbit is rubbed with lanolin, it
will develop increased hair growth in the treated area. The same effect may be
obtained by rnbbing with distilled water. Nevertheless, even in recent textbooks
one may read that cholesterol promotes hair growth. It is essential to realize
that only certain observations made in animal experiments may be transferred
to human subjects and to clinical practice and that species differences preclude
any easy generalizations.
DR. IRA L. SCHAMBERG, Philadelphia, Pa.: I think I just heard my friend
Peter Flesch say there is no evidence that trauma will cause hair growth in the
human. Immediately Dr. Butterworth's interesting demonstration of localized
hypertrichosis from chronic biting of the skin by mental defectives came to
my mind.
DR. THOMAS B. FITZPATRICK, Ann Arbor, Michigan: This interesting paper
illustrates the intimate relationship between keratinization and melanogenesis.
There are experimental and clinical findings which suggest that the biochemical
processes which bring about the production of keratin and the formation of
melanin involve copper and sulfhydryl metabolism. Exposure of skin to radiant
energy (x-ray and ultraviolet) results in hyperkeratosis and pigmentation.
Radiant energy produces keratin by oxidative closure of the thiol groups of pre-
keratia fibrous protein to the disulfide linkages of keratin. Increased melanin
formation in irradiated skin probably also results from inactivation of inhibitory
thiol groups by radiant energy.
The essential role of the trace element, copper, in pigmentation and keratiniza-
tion emphasizes this parallellism of metabolic activities. Copper deficiency in
sheep results in a stringy fleece because of inadequate keratinization and loss
of coat color due to lack of melanin synthesis. Copper is now known to function
as a prosthetic group in mammalian tyrosinase, and the lack of copper in the
diet will impair tyrosinase synthesis and result in depigmented hair. H. II.
Marston (A Symposium on Copper Metabolism, The Johns Hopkins press, 1950,
p. 234) has presented evidence that copper also catalyzes the oxidative closure
of sulfhydryl groups in pre-keratin to disulfide linkages of keratin. Copper is
present in equal amounts in human albino and human pigmented hair. There-
fore, copper may act as a co-enzyme or a prosthetic group in the keratin-forming
enzyme system.
DR. THEODORE CORNBLEET, Chicago, Ill.: Do the authors believe that these
hair-pattern cycles are autochthonous or that they may in part be determined
by pituitary factors, such as growth hormone?
DR. HUGO R. fONT (in closing): In commenting on Dr. Peck's remarks about
pigmentation, we have noticed too that in inducing artificial hair growth by these
various means the resulting hair may differ in its pigment from the surrounding
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hair. However, we were not primarily interested in that aspect of the phenomenon.
We were more interested in the hair growth itself.
Dr. Flesch mentioned that much of this kind of work about hair growth cycles
and artificial inducement of growth has been done before, which is correct.
However, most of this work has been done on mice and rats, and very little on
the rabbit. Our observations do not quite confirm what Dr. Flesch said about
patterned cyclic hair growth occurring in rabbits only after six months of age.
Actually it begins with the second hair growth. The first hair growth in the new-
born rabbit is diffuse, but in the second hair growth, about one to two months
later, patterns are noticeable. I wish to call Dr. Flesch's attention to our ob-
servation that in artificially inducing hair growth by oleic acid, new pigmenta-
tion of the skin is noticeable on the site of application at the time when hair is
being lost. Now we know from our microscopical studies that when pigmentation
is noticeable hair growth has already been going on in the skin for several days.
Dr. Flesch's theory is that unsaturated lipids cause depilation of hair by in-
activating sulfhydril groups, thereby making such groups unavailable for keratin
formation. However, our finding that simultaneously with depilation, and even
earlier, new hair is being formed is very difficult to reconcile with the idea that
there is an inactivation of sulfhydril groups making sulfhydril groups unavailable
for keratin synthesis.
To Dr. Cornbleet's question whether we studied the effect of hormones, I can
say that we have been doing considerable work on that. The rabbit is eminently
suitable to study stimulating or inhibiting effects of hormones on hair growth.
So far we examined the male and female sex hormone, and ACTH and cortisone.
While we are not ready to report in detail, the summary of this phase of our work
can be expressed very simply: so far we have found no definite effect of any of
these hormones on hair growth in the rabbit.
